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(54) Methods and apparatus for delivering aerosolized medication 

(57) A metered dose inhaler (10) for use with a 
pressurized aerosol canister (18) includes a housing 
(12) defining a conduit (16) with a mouthpiece (56), and 
an actuator (26) with a nozzle discharge orifice (30) 
arranged to discharge aerosol into the conduit An air 
tube (34) is arranged within the conduit with an inlet (38) 
of the air tube formed in the conduit wall (74) and an 
outlet (36) of the air tube in opposing relationship with 
the nozzle orifice. Inhalation through the mouthpiece 
causes air to be drawn into the inlet and flow out of the 
outlet of the air tube to form an air jet which impinges on 
an oppositely moving aerosol plume from the orifice. 
Auxiliary air inlets (46) in the closed end (24) of the con- 
duit provide a boundary layer flow along the inner wall 
(44) of the conduit Vortex generators (54) on the inner 
wall of the conduit add vorticity and turbulence to the 
boundary layer flow. Automatic actuation of the canister 
responsive to the patient's inhalation is achieved by a 
canister trigger (154) connected to a movable piston 
assembly (132) forming a wall of a variable-volume 
chamber (162) in fluid communication with a venturi 
(1 84) in the air tube. Air drawn through the venturi by the 
user's breath causes evacuation of air from the cham- 
ber, thereby moving the piston assembly and trigger to 

cause actuation of the canister. _ 
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Description 



[0001] The present invention relates to methods and 
apparatus for delivering a dose of aerosolized medica- 
tion for inhalation by a patient into the lungs, 
[0002] Aerosols are increasingly being used for deliv- 
ering medication for therapeutic treatment of the lungs. 
For example. In the treatment of asthma, inhalers are 
commonly used for delivering bronchoditators such as 
02 agonists and artti-Mlainmatory agents such as corti- 
costeroids. Two types of inhalers are In common use, 
metered dose inhalers (MDIs) and dry powder inhalers 
(DPIs). Both types have as their object the delivery of 
medication, which is typically in the form of a solid par- 
ticulate or powder, Into the airways ol the lungs at the 
location of the condition being treated. 
[0003] In the MDI device, the medication is provided 
by the pharmaceutical manufacturer in a pressurized 
aerosol canister, with the medication being suspended 
or dissolved in a liquid propellent such as a chlorof luor- 
ocarbon (CFC) or hydrofluoroaikane (HFA). The canis- 
ter includes a metering valve having a hollow discharge 
stem which can be depressed inward into the canister to 
discharge a metered volume of propellant-medication 
mixture in the form of an aerosol comprising fine drop- 
lets of prepotent in which particles of the medication are 
suspended or dissolved. A typical MDI for use with such 
a canister includes a housing having an actuator and 
nozzle. The canister is inserted into the housing with the 
hollow discharge stem of the canister being received in 
a bore in the actuator. Depressing the closed end of the 
canister causes the stem to be pushed Inward into the 
canister so that a metered volume of medication is dis- 
charged through the nozzle. The housing further 
defines a f lowpath in fluid communication with the noz- 
zle, the f lowpath having an outlet at a mouthpiece por- 
tion of the housing, such that the aerosolized 
medication may be inhaled after it exits the mouthpiece 
portion. The patient either inserts the mouthpiece into 
the mouth with the tips closed around the mouthpiece, 
or holds the mouthpiece at a slight distance away from 
an open mouth. The patient then depresses the canister 
to discharge the medication, and simultaueously 
inhales. 

[0004] Existing MDIs suffer from a number of signifi- 
cant disadvantages. One problem with existing MDIs is 
poor delivery efficiency of the medication. It has been 
estimated that on average, with existing MDIs. only 
about 10 percent of the medication dose which is dis- 
pensed from the canister actually reaches the lungs 
where it can achieve the intended result 
[0005] Poor delivery efficiency Is caused by a number 
of factors. One of these is incomplete evaporation of 
propellant. resulting in a large portion of the metered 
dose being delivered in a form which cannot be inhaled 
into the lungs. For effective delivery of aerosolized med- 
ication to the airways of the lungs, it is desirable that 
most of the particles which are inspired be less than 



about 10 microns (one micron** one-thousandth of a 
milfimeter) in size, and preferably between about 1 
micron and 5 microns. Incomplete evaporation of pro- 
pellant at the outlet of the mouthpiece results in a sub- 
5 stantial traction of the metered dose being delivered in 
the form of relatively large GquxJ droplets instead of line 
dry particles and/or vapor. Such droplets cannot be 
inspired, but rather tend to impact the inside of the 
mouth and at the back of the patient's throat, with the 
lo result that much of the medication Is swallowed. The 
local concentration of medication in the mouth and 
throat can cause local immuno-suppression response, 
as well as development of fungal infections in the case 
of corticosteroids. Additionally, swallowing agonists 
J5 causes relaxation of the smooth muscles of the gas- 
trointestinal tract which decreases contractility and 
activity of the stomach. Further, the wasted medication 
has been estimated to cost U.S. patients about $750 
million per year. 
20 [0006] Another factor contributing to the problem of 
poor delivery efficiency is high linear velocity of the aer- 
osol as it exits the mouthpiece, which tends to lead to 
impaction of the aerosol in the mouth and throat. Ideally, 
the velocity of the aerosol should match the velocity of 
25 the patient's inspired breath so that the particles are 
entrained in the breath and carried into the lungs. With 
many existing MDIs, the exit velocity of the aerosol sub- 
stantially exceeds the velocity of the patient's breath. 
The high-velocity plume strikes the back of the throat, 
so causing impaction and sticking. 

[0007] Yet another factor contributing to the poor deliv. 
ery efficiency of existing MDIs is excessive length of the 
plume or bolus of aerosol exiting the device. In existing 
MDIs, this length typically exceeds -25 centimeters. 
35 which makes it diff icult tor the patient to inhale the entire 
bolus. 

[0008] In an effort to decrease plume velocity, some 
MDI designers have added tubular spacers between the 
aerosol nozzle and the mouthpiece. Although spacers 
40 improve delivery efficiency, most of the drug which is 
discharged from the nozzle impacts and sticks on Inner 
surfaces of the spacer, and is therefore unavailable for 
inhalation by the user. Thus, MDIs with spacers still suf- 
fer from unacceptably low delivery efficiencies. 
45 [0009] Furthermore, although dry powder inhalers 
inherently avoid some of the aforementioned problems 
of MDIs, such as excessive aerosol velocity, DPIs still 
suffer from the problem of impaction and sticking of 
medication on the inner surfaces of the devices, partic- 
50 utarfy under certain environmental conditions such as 
high relative humidity, which tends to cause particle 
aggregation. 

[001 0] Another problem with existing MDIs is the diffi- 
culty patients have in coordinating their inhalation with 
55 the discharge of the aerosol. In manually operated 
MDIs, patients frequently inhale too early or too late to 
effectively inspire the medication. Although a number of 
breath-actuated MDIs have been devised to address 
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this problem, most of these devices cause discharge at 
the very onset <rf the patient's inspiratory effort 
Depending on the lung condition being treated and its 
location, it may often be more desirable for the medica- 
tion to be discharged near the peak of the patient's inha- 5 
lation rather than the beginning. Further, it may be 
desirable to be able to selectively vary the point in the 
patient's inhalation at which medication is discharged in 
order to tailor the location of drug delivery to the condi- 
tion being treated. These advantages are not possible 10 
with existing MDIs. 

[0011J Accordingly, h has been an object of the 
present invention to provide a method and apparatus tor 
delivering an aerosolized medication in which the 
respirable fraction of the metered dose (i.e.. the fraction is 
in the form of dry particles of the optimum size) is max- 
imized at the exit of the apparatus. 
[0012] It has been a further object of the present 
invention to provide a method and apparatus tor deliver- 
ing an aerosolized medication in which the linear veloc- 20 
ity of the aerosol at the exit of the apparatus 
approximately matches the velocity of the patient's 
inspired breath. 

[001 3] It has been another object of the invention to 
maximize dispersion and mixing of the drug particles in *s 
the bolus of an aerosol within an inhaler apparatus. 
[00141 It has been a still further object of the present 
invention to provide a method and apparatus tor deliver- 
ing an aerosolized medication in which the length of the 
bolus of aerosolized medication which exits the appara- so 
tus is as short as possible. 

[00151 A further object of the invention has been to 
provide a method and apparatus tor maximizing the 
evaporation of liquid propellent in an inhaler. 
[0016] Still another object of the invention has been to » 
provide a method and apparatus for delivering an aero- 
solized medication in which impaction and sticking of 
medication on the inner walls of the apparatus is mini- 
mized. 

[001 7] It has been another object of the present tnven- 40 
tion to provide a method and apparatus for delivering an 
aerosolized medication in which the discharge of medi- 
cation is synchronized with the patient's inspired breath, 
and in which the timing of the discharge in relation to the 
patient's breath can be selectively varied <* 
[00181 The above and other objects of the invention 
are achieved in one aspect of the invention by methods 
and apparatus in which flow control techniques and 
devices are used to promote mixing of the propellant- 
medication mixture with air to increase evaporation of so 
propellant to slow down the aerosol plume before H 
reaches the exit of the apparatus, and to reduce the 
impaction of aerosol on the inner walls of the apparatus. 
In another aspect the invention also provides an appa- 
ratus and method for synchronizing the actuation of the 55 
canister with the patient's Inspiratory effort exerted on 
the mouthpiece of the apparatus. 
(0019] More specilicany. in a preferred embodiment 



there is provided a metered dose inhaler apparatus 
including a housing adapted to support a pressurized 
canister, the housing having an actuator and nozzle 
assembly with a bore adapted to receive the hollow out- 
let 6tem of the canister, the housing further including a 
generally tubular conduit having an open end forming a 
mouthpiece adapted to be inserted into the mouth of a 
user, a nozzle discharge orifice of the actuator and noz- 
zle assembly being positioned to direct a plume of aer- 
osolized medication into the conduit; and an air tube 
supported within the conduit and having an air tube out- 
let arranged opposite the nozzle discharge orifice and 
an air tube inlet in fluid communication with ambient air 
outside the conduit the air tube being oriented so that 
air flowing out of the air tube outlet is directed so as to 
impinge on a plume of aerosolized medication dis- 
charged from the canister through the nozzle discharge 
orifice. Thus, an inspiratory effort exerted on the mouth- 
piece causes air to flow Into the air tube inlet and out the 
air tube outlet to impinge on the plume and thereby 
enhance dispersion and mixing of the medication within 
the conduit. The air jet from the air tube also causes the 
plume to slow down so that the velocity of the aerosol 
exiting the device approximately matches the velocity of 
a patient's inspired breath. Slowing down the plume 
also increases the residence time of the aerosol within 
the apparatus and leads to a shorter bolus to be 
inhaled. The increased mixing and residence time pro- 
mote more complete evaporation of propellant at the 
exit of the mouthpiece. 

[0020] In one embodiment the apparatus is configured 
so that the nozzle discharge orifice directs a plume 
toward the open end of the mouthpiece. The air tube is 
arranged to direct an air jet away from the open end of 
the mouthpiece so as to impinge on the plume. The air 
tube i6 supported within the conduit by one or more hol- 
low spokes connected to the wall of the conduit with the 
hollow passage of each spoke being connected at one 
end to a corresponding passage through the conduit 
wall to ambient air outside the conduit and at the other 
end to the inlet of the air tube. When the patient inhales 
on the open end of the mouthpiece, air is drawn into the 
air tube to cause an air jet to exit the air tube. Once this 
air jet has been established, the canister is actuated to 
discharge a plume of aerosol toward the air jet. The 
plume and air jet meet, causing mixing and deceleration 
of the plume. 

[0021] In another embodiment the nozzle is positioned 
to direct a plume away from the open end of the mouth- 
piece toward the far end of the conduit which end is 
substantially dosed by an end wail. The air tube is 
mounted on the end wall, with the inlet of the air tube 
connected to a passage through the end wall to ambient 
air outside the conduit Inhalation by a patient on the 
open end causes air to be drawn through the eir tube in 
a direction toward the patient'6 mouth. Once the air jet 
from the air tube has been established, the canister is 
activated to direct a plume toward the closed end of the 
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conduit The air Jet and plume meet, causing mixing and 
deceleration of the plume. The plume must reverse 
direction before exiling the mouthpiece, so that the 
same length of conduit is used twice, thereby further 
increasing residence time of the aerosol within the 
device. 

10022] To reduce impaction and sticking of medication 
on the inner walls of the apparatus, in another aspect 
there is provided an aerosol flow control apparatus, use- 
ful for either MDI or DPI devices, including a housing 
defining a conduit, the conduit having an open end 
defining a mouthpiece and a substantially closed end 
defined by an end wan remote from the mouthpiece, 
with a medication dispenser assembly being arranged 
within the housing to direct medication into the conduit 
The medication dispenser may be a pressurized canis- 
ter with actuator and nozzle, or alternatively may be a 
dispenser for medication in dry powder form. The end 
wan includes a plurality of auxiliary air inlets in fluid com- 
munication with ambient air outside the conduit, the 
auxniary air inlets opening into the conduit adjacent the 
inner wall of the conduit, in a direction generally toward 
the open end of the mouthpiece. The conduit further 
includes a plurality of vortex generators mounted on the 
inner wall thereof downstream of the auxiliary air inlets, 
the auxiliary air inlets and vortex generators cooperat- 
ing to establish a turbulent air flow along the inner waD 
of the conduit upon an inspiratory effort being exerted 
on the mouthpiece. The auxiliary air flow acts as a buffer 
or boundary layer flow along the Inner walls of the con- 
duit, reducing the likelihood of aerosol droplets or dry 
particles impacting and permanently sticking to the 
inner walls. The vortex generators preferably comprise 
inwardly directed vanes which are oriented at an angle 
to the axial direction 60 as to impart swirl and vorticity to 
the air flowing over them. 

[0023] A still further aspect provides an aersol flow 
control apparatus for use with a pressured canister of 
medication, in which discharge of the aerosol plume is 
caused by the patienf s inspiratory effort, with the timing 
of the discharge in relation to the inhalation being selec- 
tively variable. To these ends, the apparatus includes a 
housing adapted to support the canister between a first 
position in which the discharge stem of the canister is in 
an inoperative position to a second position in which the 
discharge stem is in an operative position for discharg- 
ing a metered volume of medication, the housing further 
Including an outlet through which a user can inhale, the 
outlet defining a primary air passage. A canister 
restraint is arranged in the housing and is movable from 
a rest position in which relative movement between the 
canister body and discharge stem Is prevented to a dis- 
charge position in which such movement is permitted. 
The canister restraint forms a part of, or alternatively is 
attached to. a device such as a bellows or a movable 
diaphragm piston assembly which defines a variable- 
volume chamber. The inhaler includes a resilient mem- 
ber which urges the canister into the second position 



upon movement of the canister restraint into its dis- 
charge position. A secondary air passage extends 
through the housing between the primary air passage 
and ambient air outside the housing, the secondary air 
s passage including a venturi. The variable-volume cham- 
ber Is in fluid communication with a throat of the venturi. 
whereby inhalation of a user through the outlet causes 
a low pressure in the venturi throat so as to evacuate air 
from the chamber and thereby cause the canister 
l0 restraint to move into the discharge posrtioa By appro- 
priate selection of design parameters 6uch as the cham- 
ber cross-sectional area, the force exerted by the 
resilient member on the canister, the venturi size, and 
the secondary air passage diameter, the device can be 
f5 designed to cause actuation of the canister near the 
peak of a patient's inspiratory effort 
100241 The device preferably further includes means 
for selectively varying the timing of actuation. For 
instance, the device may include an adjustment screw 
20 intruding into the secondary air passage to act as a var- 
iable flow restriction. Turning the screw one direction 
increases the amount of flow restriction, such that for a 
given inspiratory rate through the mouthpiece, the 
amount of time required to evacuate the chamber suff i- 
25 ciently to cause actuation is increased. Conversely, 
turning the screw in the opposite direction decreases 
the amount of time required to cause actuation. 
[00251 The invention will now be described by way of 
example and with reference to the accompanying draw- 
jo ings in which: 
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FIQ.1 is a perspective view of an inhaler in accord- 
ance with the principles of the present invention. 

FIG. 2 is an exploded view of the Inhaler of FIG. 1. 

FIG. 3 is a cross-sectional view of the inhaler taken 
along line6 3-3 of FIG. 1. 

FIG. 3A is a partial cross-sectional view showing an 
alternative embodiment of the actuator and nozzle 
of the inhaler. 

FIG. 4 is a cross«6ectional view simBar to ^IG. 3. 
showing an alternative embodiment of the Inhaler. 

FIG. 5 is a cross-sectional view similar to FIG. 3. 
showing yet another alternative embodiment of the 
inhaler. 

FIG. 6 is cross-sectional view of the Inhaler of FK3. 
5 taken on a plane normal to that of "FIG. 5. 

FIG. 7 is a cross-sectional view of still another alter- 
native embodiment of the invention, having features 
tor achieving automatic actuation of a canister 
responsive to a patient's inhalation through the 
inhaler. 
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cm a is a oerspective view of the Wooer which 
f i *S5- lister in the inhaler 

of FIG. 7. 

FiQ 9 is side elevational view, partly In cross-sec- 
2 1*1 another embodiment ol the invenbon. 

£££ 35— a ' ran ° Gmen, tor st: 

£3* actuation ol a canister responsive to a 
patient's breath. 



fiqs 1-3 depict a llret embodiment of an 

f8C !^ 1 teintiw form of a sleeve adapted 
^«™. The canister 18 forms no part of the 
L^rtion is usable with any standard P«« ur, ** , . ea ^ 

S discharge of medication tainted, to J 
l!X position in which a metered volume of the 
SSTeSSffc discharged through the hollo* ds- 

%S"%. «"« 16 includes an open end 20 
S, from the receptacle portion 14. and a dosed 
JofiMd bv an end wall 24 which is connected to 

SJ55S325 1* - «- » 

J' Sxontafl or hemispherical in shapa. w.«h an 
EXT* wail 24 forming the portion of me end 
wan 24 farthest from the open end 20. 
S With reference to FIG 3. the J"--* «*JS 
See an actuator and nozzle «*^^5 
t» the end wall 24. The actuator and nozzle asserrroy 

5££ a bore 28 ^ «»-*f*5 ^ * 
hollow discharge stem (not shown m FIG& VJ) - mm 

canister 18, and a ^^SSaSS 
communication with the bore 28. The nrt £WW 
orifice 30 Is advantageously located at t^apexoime 
Zi l wall 24 and oriented to direct an aerosol plume ger* 
eSlyafori •» central tons*** axis 32 ***** 
30 preferably mm J^JJI 
aitiie exit of less than about 0.025 ^nd «nore pref 
erablv between about 0.005 inch and about 0.019 inch 
j£F£L upon the canister 1 8 ^depressed . 
^downward direction in FIG. 

.^ii he discharaed into the oore « Wl 

sofized medication within the condurt peeled 

Sid propellant discharged from the can.ster 8. Wore 
52E* •» inhaler 10 includes a" ^ ^sup- 
ported within the conduit 16. The air tube 34 has an ow 



let 36 which is spaced downstream '"J^ 
relationship with the nozzle discharge orifice 30. and en 
n !i aawhlch is in fluid communication with ambient air 

« in the anient shown in 
. FK» 1-3. the air tube 34 is a bent tube which hasa 
5 „^v axial portion 40 which Is generally aligned 
SSJS SuK longltodina. axis 32. and a generator 
Spirtionttwl^teaflaehedtolhelnn^^ 

Z 25* 16. When e user exerts an ^iratoryetal 
«™ ih« ««n end 20 of the conduit 16. air is drawn from 

STTtube outlet 36 In a direction toward the non e 
££T«S5 30. The portion 40 of * **• 34 <* 
Sd and oriented within the conduit 16 so that air 

I^^lS^S^- n^terir, 

„, BWOS oiized medication from the orifice 30. The 
tSmmt Tof air from air tube 34 on the plume 

rf^ov a iaroer portion of the cross section of the 

SSSngly. a greater fraction of the met<wddoserf 
Sfion d-spensed from the canister 18 «*»» 
30 20 in tine form of respite dry t*™^*** 

?Zum size ol about one to five microns moving at a 
oph T m , that substantially matches the 

and throat are thereby reduced. , _ 

?0030] Theairtube34a^co«Juni6cenbeirrtegraJ 

Sof one piece, with the ^^JS* 

m tube 34 extending ^""KJSSK 
fluid communication with aw outskle me corou i 

Lnatively. the air tube 34 can be 
tube bent Wo the eppropnate cor^gurahon ano 
attached to Ihe conduit 16 atthe He t endM. 
45 10031] Although the ernbooln n enteillustrated^ia& 
,Tand 7 show the air tube 34 bent at an angled » 
£3» wS the portion 40 coaxiatly aligned with the 
2XT<f£ 3) oftiVe nozzle oriltoe 30. othererrange- 
nS^ may be 'used ^T^Z advantages 
„ of the invention. For example the g^JJJ 
arranged at an obtuse angle (I.e.. between acorn j~ 
3* and 180 degrees. 180 degrees being defined 
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wall 44. 

[0032] The inhaler further includes features which 
reduce the likelihood of liquid droplets or dry particles 
impacting and permanently sticking to the inner waits 24 
and 44 of the conduit 16. More particularly . the inhaler 
10 includes a plurality of auxiliary air inlets 46 through 
the end wall 24 and drcumfererttially spaced therea- 
round at at least two different radii from the nozzle ori- 
fice 30. A first circumferential ring of auxiliary air inlets 
46 are located adjacent the juncture 48 between the 
end wail 24 and the Inner wall 44 of the conduit 16. A 
second circumferential ring of auxiliary air inlets 47 are 
located radially between the juncture 48 and the nozzle 
orifice 30. An inspiratory effort exerted on the open end 
20 of the conduit 16 causes air to flow into the auxiliary 
air inlets 46 and 47 as indicated by arrows 50. and out- 
ward therefrom along the inner wall 44 of the conduit 16 
and outward from end wall 24. as indicated by arrows 
52. This auxiliary air flow forms a buffer or boundary 
layer air flow along the inner wan 44 and end wall 24 
which tends to reduce the impaction and permanent 
sticking of medication on inner wall 44 and end wall 24. 
[0033J To the further attainment of this end. the inhaler 
10 also Includes a plurality of vortex generators or 
vanes 54 (best seen in FIG. 2) mounted on the inner 
wall 44 of the conduit 16 and extending inwardly there- 
from. The vanes 54 are located downstream of the aux- 
iliary air inlets 46. with each vane 54 advantageously 
being located approximately in axial alignment with one 
of the auxiliary air inlets 46. The vanes 54 are oriented 
at an angle to the axial direction defined by longitudinal 
axis 32. so that vorticity and swirl are imparted to air 
flowing over them. Thus, the boundary layer air flow cre- 
ated by auxiliary air inlets 46 encounters the vanes 54. 
which impart vorticity and swirl to the boundary layer air 
flow. This vorticity and swirl further reduce the likelihood 
of aerosol droplets or particles impacting and perma- 
nently sticking to the inner wall 44. 
[0034] As shown in FIGS. 1 and 3. the inhaler 10 
includes a separate mouthpiece 56 which connects to 
the open end 20 of the conduit 16. The mouthpiece 56 
has a reduced, diameter portion 58 adapted to be 
inserted into the mouth of a user of the inhaler 10. After 
completely exhaling, the user inserts the portion 58 into 
the mouth with the lips closed around the portion 58. 
and then begins to inhale, which establishes air flow 
from the air tube 34 and through the auxiliary air inlets 
46. Once these air flows are established and while con- 
tinuing to inhale, the user depresses the canister 16 to 
discharge a metered volume of medication and propel- 
lant mixture from the nozzle discharge orifice 30. The 
user continues to inhale to f ill the lungs to their capacity, 
and then typically holds the breath for a period of time to 
allow the aerosolized medication to settle within the air- 
ways of the lungs. 

10035] As shown in FIGS. 1-3. the housing 12 is 
formed in four sections (including the mouthpiece 56) 
which telescopingly fit together. However, for ease of 



manufacturing, the housing 12 may alternatively be 
formed in fewer than four sections. For example, the 
housing 12 may be formed In two sections, a first sec- 
tion including the receptacle portion 14. end wall 24. 
5 and the conduit 16 up to and including the vanes 54. 
and a second section including the portion of conduit 16 
having the air tube 34 and the mouthpiece 56. Alterna- 
tively, the housing 14 may be formed in two sections 
split on a longitudinal plane through the conduit the two 
y0 sections being generally mirror images of each other 
which are joined together along the plane of symmetry. 
Nevertheless, for illustration purposes, an embodiment 
having four sections is shown and described. 
[0036] A first section 60 includes the receptacle por- 
ts tion 14. the end wall 24 and actuator and nozzle assem- 
bly 26. and a generally cylindrical portion 62 which 
forms a part of the conduit 16 and is connected to the 
end wafl 24 at the juncture 48. The first section 60 
advantageously Is integrally formed of one piece, 
20 although it may alternatively be formed in multiple 
pieces which are subsequently joined together. 
[0037] A second section 64 includes a second gener- 
ally cylindrical portion 66 whose inner and outer diame- 
ters are equal to those of the f irst generally cylindrical 
2S portion 62, and a reduced-diameter portion 68 which is 
telescopingly received within the downstream open end 
of first cylindrical portion 62. The portion 68 has an 
inner wan 70 which is generally conical, converging 
slightly in the axial direction toward the mouthpiece 56. 
30 The vanes 54 are mounted on the inner wall 70. Second 
section 64 preferably is integrally formed of one piece, 
although H may alternatively be formed in multiple 
pieces which are subsequently joined. 
[0038] A third section 72 of the housing 12 includes a 
55 third generally cylindrical portion 74 whose inner and 
outer diameters are equal to those of the second gener- 
ally cylindrical portion 66. and a reduced diameter cylin- 
drical portion 76 which is telescopingly received within 
the open downstream end of second generally cyllndri- 
40 cal portion 66 . The outer diameter of portion 76 is 
approximately equal to the inner diameter of portion 66 
so as to provide a tight fH between those parts. The 
inner surface 78 of portion 76 has a diameter which is 
approximately equal to the smallest diameter of the con- 
45 leal inner wall 70 so that the juncture between surfaces 
70 and 78 does not present any substantial step in the 
flowpath defined by the conduit 16. The air tube 34 is 
mounted on the inner surface of the third section 72 at 
the juncture between the inner surface 78 and the inner 
so surface 80 of third cylindrical portion 74. A hole 82 
through the portion 74 mates with the internal passage 
of air tube 34 to provide fluid communication between 
the inlet 38 of air tube 34 and ambient air outside the 
conduit 16. Third section 72 may be integrally formed of 
55 one piece, or formed in multiple pieces and subse- 
quently joined. 

[0039] The fourth section of the housing 12 is the 
mouthpiece 56, which has a generally cylindrical portion 
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84 which is tetescopingly received wrthin the open 
downstream end of the third generally 
74 (which also defines the open end 20 of the condurt 
161 The portion 84 is attached to an annularllange 66. 
ISeh in torn is attached to the reduced tfamete, -pj. , 
ton 58 wWeh Is inserted Into a user's mouth. T^e outer 
diameter of portion 84 is approximately equal tothe 
diameter of inner surface 80 so as to provide a tight fit 
therebetween. 

[0040] THe housing 12 advantageously is formed of a » 
plastic such as polyamide. polyester. P»^™ 
Polyethylene. ABS. polycarbonate, or 
housing 12 may be manufactured by any suitable tech- 
ntoue such as injection molding or blow molding. 
fXll FK1 3A shows an alterative embodiment of an .s 
abator and nozzle assembly 26a for the inhaler 10 in 
cras-sectional view on the horizontal plane derated 
in Fia 3. the actuator and nozzle assembly 26a 
ndude* two spaced-apart discharge orifices 30a which 
araboto connected to the bore 28a and which » 
convX toward each other in the direction of the 
Sece^T™. depressing the canister 18 so as 
a metered volume of med^on -rto me 
bore 26a causes two aerosol plumes to be emitted from 
Se pair of orifices 30a The plumes converge and » 
ZJZ on each other upstream of (he air tube ouUet 
7£* «■ aerosol to spread out thereby ad.ng 
mixing of the aerosol with air. Additionally, implement 
72 Z Plumes aids In creating smaller drople* 
which enhances evaporation of " 
appreciated that for convenience of illustration ,*» i tore 
S?SSown as being elongated in the horizor^dir^- 
tion and orifices 30a are shown as being spaced apart 
In the horizontal plana Advantageously. 
bore 28a may simply be extended in the verttoal direc- n 
Sn and the orifices 30a vertically ^«*^J* 
angled toward each other so as to achieve the desired 
convergence of the two plumes. 
inM2l FIG 4 depicts an alternative embodiment of an 

10 has been replaced by a shorter air tube in the form of 
I hS 40a whi* is supported in the conduit 16 by a par 
of Slow spokes 42a. In FIG. 4. parts Identified by re»£ 
^numerals having the letter V suto denote parts 
analoflous to those bearing the same reference numer- <s 
SSS M suffix in FIG. 3. while P*rts Urt* vnth 
identical reference numbers in FIGS. 3 and 4 denote 
Identical parts. Thus, the hub 40 a is a^ousto the 
axial portion 40 of the air tube 34. and the spokes 42a 
San^ogous to the radial portion 42 of so 
hub 40a indudes a central cavity 88 of a ft* Oaa^m. 
and an outlet passage 36a of a second smal er dame- 
far. The outlet passage 36a is generdly coax*. «ht» 
conduit 16 and oriented so that air flowing outward 
therefrom is directed toward the nozzle onfice 30. The ss 
internal passages of spokes 42a are connected to out- 
aide air by a pair of holes 82a »*^*? J*"* £ 
portion 74a In the embodiment ot the inhaler 10a 



shown in FIG. 4. there is no section of the housing anal- 
ogous to the second section 64 of FIG 3. Thus, the 
vanes 54 have been eliminated from the inhaler 10a 
However, the auxiliary air inlets 46 are still present m the 
inhaler 10a to provide a boundary layer air flow along 
the inner wall ol the conduit 16a 
100431 FIGS. 5 and 6 illustrate yet another errtxxfl- 
ment of an inhaler In accordance wtlh the pfinclples of 
the present invention. FIG 5 schematically depicts a 
horizontal cross section analogous to FIG. 3. showing 
an inhaler 10b In which the aerosol plume Is directed 
awav from the user so that the aerosol must reverse 
SoTbefore being inspired. ML 6 
depicts a vertical cross section of the inhaler 10b, 
Again, like parts are denoted by «•« reference numer- 
ai while analogous parts are denoted by the letter* 
autfix. The inhaler 10b indudes a housing ,12b ddimng 
a conduit 16b which has si first closed end defined by an 
end wall 90 and a second open end defhed hy a i majj 
place portion 58b adapted to be inserted Into a use* 
mouth. The conduit 16b has a f irst larger internal cross 
sectional area over the majority of Its length, nanowing 
to a second smaller internal cross sectional area at toe 
mouthpiece portion 58b. The housing furtherlndudesa 
raceptacle portion 14b which Pe^esij^toe con^ 
dull 16b at a location between the end wall 90 and the 
mouthpiece portion 58b. The receptade port«>n14b 
receives a standard pressurized canister (not shown). 
The housing 12b further indudes an actuator and noz- 
zle asserrtxy 26 arranged at the bottom end of recepta- 
cle portion 14b such that the hollow outlet stem he 
canister may be inserted Into a bore 28 of the aduator 
and nozzle asserrtxy 26. The details of the abator and 
nozzle assembly 26 have already been described in 
connection with FIG. 3. The nozzle dischargeorHiceM 
is oriented so as to direct an aerosol plume toward the 

ff^wf 1 The inhaler 10b indudes an irterrwl condult92 
which Is coaxially disposed with the condurt 16b. The 
internal conduit 92 has an open end Wspac^lrom 
and adjacent the end waB 90. and a dosed end 96 
JmJlrom toe end wan 90 and ddined * »n endv£ 
24b which supports the actuator and nozzle assembly 
26. Theirihalertortoerincludesanairtube3^atedred 
tothe end waU 90 and coaxially disposed witointhecon. 
durt 16b, The air tube 34b Intrudes part way Into toe 
inner conduit 92 toward the nozzle discharae onfica 30. 
The inlet 38b of air tube 34b is connected to ambient w 
outside the condurt 16b by a hde 98 through end wall 
90 The outlet 36b of air tube 34b is in opposing relaton 
to the orifice 30. Aerosol emitted from the i orifice 5» 
enters into the Interior of inner conduit 92 : and proceeds 
toward the end wall 90 of outer conduit 16b. Inhalaton 
of the user through the mouthpiece 1 5«r causes air to 
anter through hole 98 into air tube 34b and out toe outle 
36b toward theplume. The plume and the ah let from air 
tube 34b meet, causing the plume to dow down and 
spread out within inner conduit 92. Continued inhalaton 
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by the user causes the dispersed aerosol to exit through 
the open end 94 of inner conduit 92. and then reverse 
directions to flow through the space between the inner 
conduit 92 and the outer conduit 16b. and thence 
through the mouthpiece 58b. Thus, the aerosol travels a 
portion of the length of conduit 16b twice, thereby 
increasing residence time of the aerosol within the 
device before exiting the mouthpiece 58b. This leads to 
more complete evaporation of liquid propellant Further- 
more, the flow reversal insures that the velocity of the 
aerosol exiting the mouthpiece will be substantially 
equal to the velocity of the usefs inspired breath, reduc- 
ing the problem of impaction in the mouth and throat. 
[0045] FIG. 7 depicts yet another embodiment provid- 
ing automatic actuation of the canister to discharge a 
dose of medication in response to, and synchronized 
with, the user's inspiratory effort. An inhaler 10c 
includes a housing 12c having a conduit 16c within 
which an aerosol plume is created tor inhalation by the 
user. The conduit 1 6c is shown to include the air tube 34 
and the auxiliary air inlets 46. It may also include the 
vanes 54 of inhaler 10. Alternatively, the conduit 16c 
may be a simple straight duct with an open end for the 
exit of aerosolized medication. Thus, with the exception 
that the conduH 16c must adapted to provide fluid com- 
munication with a chamber 162 In housing 12c as dis- 
cussed below, the details of the conduit 16c are not 
important to an understanding of the breath-synchroni- 
zation features of the invention. 
[0046] The housing 12c further includes a receptacle 
portion 14c which is connected to the conduit 16c. The 
receptacle portion 14c comprises a generally cylindrical 
sleeve having a longitudinal axis 108 which is oriented 
at an oblique angle to the longitudinal axis of the conduit 
16c. A canister 18 resides within the receptacle portion 
14c with its longitudinal axis aligned with the longitudi- 
nal axis of the receptacle portion 14c. Disposed 
between the receptacle portion 14c and the canister 18 
is an inner sleeve 100. The inner sleeve 100 has an 
open top end 102 through which the canister 18 may be 
inserted, and an open bottom end 104 which is 
restricted such that the canister 18 cannot go through it 
but which nevertheless permits the hollow stem 19 of 
the canister to be inserted into the bore 28 of actuator 
and nozzle assembly 26. More specifically, the sleeve 
100 adjacent bottom end 104 has inwardly extending 
ledges 105 which abut the cap portion 106 of the canis- 
ter. The canister 18 is slidable within inner sleeve along 
the direction defined by the longitudinal axis 108 of 
receptacle portion 1 4c so as to permit the canister to be 
depressed toward the actuator and nozzle assembly 26 
in order to actuate the canister's metering valve. 
[0047] The inner sleeve 100 is also slidable within the 
receptacle portion 14c along the direction of axis 108 tor 
the purpose of placing the canister 18 in a cocked posi- 
tion ready to be actuated. The receptacle portion 14c 
has four longitudinal slots 1 10 rircumferemjally spaced 
apart about 90 degrees, two of which receive a pair of 



diametrically opposite lugs or cam followers 1 12 extend- 
ing outwardly from the outer surface of Inner sleeve 100. 
Alternatively, the receptacle portion 1 4c may have only 
two slots 1 10 spaced 180 degrees apart and receiving 
5 the lugs 1 12. Thus, as the inner sleeve 6lides longitudi- 
nally within receptacle portion 14c, the lugs 112 slide 
longitudinally within the respective slots 110. 
[0048] The inhaler includes a generally cylindrical cam 
ring 1 14 which fits over the outside of receptacle portion 
to 14c. The cam ring 1 14 has an annular flange 116 at Hs 
lower end which extends outward beyond the outer sur- 
face of the housing so as to facilitate gripping of the cam 
ring 114 by the users hand. The inner surface 118 of 
ring 114 has a pair of drcumferentialty extending 
i$ recesses or cam tracks 120 formed therein approxi- 
mately 180 degrees apart which extend longitudinally 
upward to the open top end 122 of cam ring 114. Each 
cam track 120 presents a generally helical surface 124 
in facing relationship with one of the lugs 1 1 2 protruding 
20 outwardly from the inner sleeve 100 through slots 1 10. 
Thus, starting with the cam ring 114 In a position In 
which each lug 1 12 is in contact with the lowermost por- 
tion of the respective cam track 120 (l.e., that portion of 
cam track 120 which is farthest from the top end 122 of 
25 camring114). rotationof the cam ring 114 through the 
arc defined by the cam tracks 120 causes the lugs 1 12 
to ride along the helical surfaces 124 and thereby 
upwardly advance the inner sleeve 100 in the longitudi- 
nal direction toward the top end 122. 
so [0049] This upward movement of the inner sleeve 100 
draws the canister 18 upward by virtue of the ledges 
105. Resisting this upward movement of the canister 18 
is a compression spring 126. The spring 126 is attached 
to the inner surface of a removable end cap 128 which 
35 surrounds the top end 130 of the receptacle portion 14c 
and the top end 122 of the cam ring 114 to completely 
enclose the canister 18 in the housing. When the end 
cap 128 is thus installed, the spring 126 bears against 
the end of the canister 18. biasing the canister down- 
40 ward toward the actuator and nozzle assembly 26. With 
nothing to impede the downward movement of the can- 
ister 18. the spring 126 would move the canister down- 
ward until the discharge stem 19 were fully depressed 
into the canister so as to cause discharge of a metered 
45 volume of the canister contents. However, the Inhaler 
10c Includes a mechanism which engages the canister 
to prevent this downward movement, with the mecha- 
nism being responsive to an inspiratory effort of a user 
exerted on the open end of the conduit 16c 60 as to dis- 
50 engage from the canister during the user's inhalation to 
allow the spring 126 to move the canister into its dis- 
charge position. 

[0050] To these ends, the inhaler 1 0c includes a piston 
assembly 132 which is movable relative to the canister 
55 18 along an a»6 134 generally normal to the longitudi- 
nal axis 108. The piston assembly 132 includes a circu- 
lar disc 136 having a shaft 138 extending centrally 
therethrough coaxial with axis 134 and protruding out- 
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wardfromboto sides oftoedisc 136. AJJlportw WO 
7t» shaft 138 protruding from the side of dte 136 
; e rnotefromthe canister engages a recess 1 
ma the housing, the recess 142 guiding to marc- 
m«n of the piston assembly 132 along a»s 134. A sec- 
ond ^146 of shaft 138 protruding from the side of 
SXng me canister extern ^ 

in recede portion 14c. terming at an 
entaroed head end 150. A compress.on *""B '52 J » 
SpTbetween the head end 150 and the ^ the 
r^eptacle portion 14c. biasing the p.ston assembly 132 



towardthe canister 18. 

.0051] Ataked trigger 154 is attached to the haad end 
ISO The trtager 154 has two spaced-apart parallel 
pSJTsefn. 8) which extend along the directon of 
axfeV34 to approximately the longitudinal axis 108 of 
S««S5porf« 14c. The prongs 156 are spaced 

Eter of the canister neck 158 from which the , dis- 
cC stem 19 protrudes, as *own js*em^in 
Sae. Thus, when the piston assembly 182 te UJ 
Winded toward the canister 18. the caruster ne* 158 
££ tuner «fge portions 160 «*>^™£ 
indicated by the shaded regions in FIG. 8. However. 
5SSe pLon assembly 132 is withdrawn ata, a»s 
S away from the canister 18. the c«>jrnjdM» 
clears the prongs 156 so that movementol toecan-ster 
18 toward toe ectuetor 26 is permitted The W 1 » 
Mute portions 157 which slope gently awayfromje 
anSer ne* 158 in the direction along axis 134 toward 
r^t?The portions 157 reduce 6, jjr--- 
(orce required for disengagement of the trigger 1 54 trom 
the canister neck 158. 

^00521 Movement of the piston assembly 132 to the 
Son away from the canister to response ** 
pressure within a variable-volume chamber J62 «m« 
Kehousing. The clamber 162 is defined by the disc 
iiTe housing wall 144. and a flexible diaphragm 164 
2ch cUects'the disc 136 to the wail 144 In a sub- 
stantially air-tight manner. Advantageous* Jhe dto- 
phragm 164 includes a circular portion 
egSnst the side of tf*c 1 36 facing the cancer 8 and 
a 9 sWn 168 which depends from tr» outer <^eof toe 
circular portion 166 and attaches to the housing wan 
m Further advantageously, the housing wall 144 
prises a removable cover 170 of the houang. and 
fn STd ^ skirt 168 is attached to the £ou*g by 
being sandwiched between the cover 170 and I the 
rematoter of the housing. The circular portonj 66 d 
Sr jm 164 indudes a central hole through*** 
SStfS 138 extends and which tightly surrounds the 
Thaft 138 to provide a substantially air-tight seal there- 

S5T The removable cover 170 Includes a recess 
72 fating the disc 136 which aligns with a passaged 
tamed in a sidewall 176 of the housing. The passage 
SHxtends toward the open end 20c o< I tte 
The conduit 16c is termed in at least two sections, a first 



oenerally cylindrical section 62c which Indudes toe 
S 176 and is connected to the end waU 24c 
Sough which the nozzle orifice 30 extends arrf a sec- 

s air tube 34 artd which connects to the f^seclionec. 

5 TheWage 174 terminates at the end of first section 
Sc which connects to second ^ 74c A paw 
178 through a sidewall 180 of the second s^n 74ote 

K air tube passage 182. The venturi 184 indudes 
a resided portion or throat 186. Air passages 188 
ext end to^gh the venturi wall in the vidnity of the 
SeTSe venturi 184 is di^sed In passage 182 
" STthese air passages 168 align wito mepassage 
mThus.1luidcommunicationisprovidedbe^ 
venturi throat 186 arid the variable-voiumecha^eMffi 
bTeir passages 188. passage 178 In second I section 
» 74c. passage 174 in first section 62c. and recess 172 In 
cover 170. 

[0054] HwiOtheretaebewedatodmrtwhenauser 
nhales through the open end 20c ofCO^t6c.^rb 
drawn from outside the conduit 16c trough ah tube 34 
ts into the primary air passage of the conduit 16c. The air 
* Z toflow through the venturi 1 84. ^cc^uertlya 
Wow-atmospheric air pressure exists In the venturi 
throat 186. This below-atmospheric air pressure teeonv 
Sated to the chamber 162. with the result the 
„ Ssof toe chamber 162 are ^ed to a torcep^ 

P^tional to the pressure ^"^™"TZ 
^pressure outside the chamber IK and the 
Delow-atmospheric pressure inside the <^J*; 
Consequently, air within the chamber 162 ibegh-to 
« evacuate the chamber 1 62 through recess 72. through 
Ses174arK J 178.toroughpassages188.arrfinto 

Kturi throat 186. and *^ air tube 

34 into the primary air passage of the conduft 16c. 
(00551 As the user continues to irtoale through the 

« S 16c. evacuation <**^*™£™ 
causes the volume in chamber 162 to decree se. wito 
ST result that toe disc 136 end the shaft ^ begin to 
move toward the wall 144 against the force of the spring 

^Singly, the trigger 154 begins to move aoas 
to disengage the prongs 156 from toe can^r^ 

158 When toe decrease in volume is suftident to move 
?5 154 far enough to totatiy diseng^etoe 
Jongs 156 from the neck 158. rrwvemen of toecan*- 
teM8 toward toe actuator 26 Is no longer Impeded, and 
so ^ forced spring 1 26 moves the canister dowrr*a.d so 
as to «use Stion of the canister's metering vaWe A 
meSS dose of aerosolized medication * therms- 
charged from nozzle orifice 30 into toe conduit 16c for 
inhalation by toe user. _ . lQ)aHh , rfa . 

55 [0056] After the Inhaler 10c has been actoated tools 
Dense a dose of medication, it must be recockedso that 
S« reiy to be tf.scharged again. To this andjheuser 
grasps toe ring 114 and rotates it with reject to the 
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8p " n9 ^154 once again la in a fully extended 
to eX tS Sne* 158.™ userthen 

owertoe canister 18. whereupon the canister neck 158 ,o 

agaL the prongs 156 of the trigger 154. The 
rSer ?0C is then ready to be used ^ 
(00571 K will be appreciated that 
l^L features described above provide an inhaler in 
25 dSe otmedlcation is automatically respon- «s 

i ta^ t .careful ^coordinate manual depression of a 
"fn^, !Sinhalation. Furthermore, discharge of 
does noToccur immediately upon the user 
SCto ^onTe open end of the d£-£ » 
Sslomewhat delayed until the volumeol^an*er 
£L decreased enough to mm J *J 

ateo be appreciated that the degree of * ™ 

^S^spdr^152.sinceadis^ge^ e 
Z~^. irBE a certa in minimum travel of the canister 18 

a^toe trave. h properties. " *° " 

„ #u A chamber times its aoss-secuonoi «»«. 

Si SWSS constant Accordingly, the inhaler 
IS ™ be SSed with eppropriate selection of 
sotio a^- action of the canster 
18 near the peak of a user's inhalation. 
JST ^eover. the inhaler 10c | prov rfes fceato 
^nriwe actuation of the canister 18 which automati- 
Xo^sts Queers rate of inhalation to discharge 
?nSSon near me peak ol the „ 
T> n^ntat which SO percent ol the volume which toe « 
!l P wl teSy Inspire with a full Inhalation has 
user w,n evemua»y »k normal lung 

ilTiSS opsn end 20c air 
^JacS^ chafer 162 more rap*^ so 
^to t£ actuation in a relatively short time. Con- « 
SrSJlTuS w«h impaired lung function inhatos 
sS thro^the open end 20c. air will be «a««Md 
n^stowl^trorn chamber 162 so as to achieve actua- 

Sl90 which extends through the housing 12c into 
^ 0 7,„ to form a restriction within passage 
Ti^ng the screw 190 one >«~ 
190 extends farther into passage 174 toi 

particular patient* inhalation may be varied by adjusting 



toe screw 190. Varying the screw .position mM** 

variablewolume chamber 162 at sm given 
the open end 20c of conduit 16c Thus, for agtventlow 
mto^uVthe open erxi 20c of conduit 16c turnmg toe 
«^ 190 to hwease the restriction of passage 174 will 

the screw 190 to decrease the restriction will decrease 
6uch time period. , _ „ 

10060) FIG. 9 depicts a subassembly 
Sment of an inhaler having featores toa^maW 
Sato actuation of discharge. In (his embodiment Jo 
S togger 154 is eliminated and the diaphragm prs- 
to^sseS 132 is replaced by a resiliently compress- 

wNch is ^^T^^ 
202 of the housing (not shown and the canister new 
£ MM ** acts astoe regain t which 
teens the canister In a non-actuated position, the b* 
^bZWessed by eir pressure into a position 
pTn^rJtheTnister to move Into a discharge posi- 

£i] The beBows 200 is edvar^usly n«^of 
Ess steel and has a Wind end wall 204 at the end 
SSS cai neck 158. the enc twa» 204 beuj 
r? <ArmA d with the accordion-folded side wail 
S?£ Ss second erxt ^208 at the 

J5 Secant the housing wall 202. the end wall 208 
Z being Integrally formed ^h ^wa^The 
second end wall 2081s pierced by a tube or needie zw 
Sm Sishes an air passage Into the Interior of the 
m The needle 210 advantageouslyls a stain. 
SeeUibe similar to a hypodermic needle ends 
'^aZdatone^toth^wa^^ 

Ira or other suitable technique. The free 
nJSoTlO extends Is attached via an extension tote 
j« to the throat 21 4 of a venturl 21 6. The venturi 216 is 
£!* 25 a tube 21 8 which extends from an intel 
25 which draws air from outside to. . H-kH n» 
too to an exit end 222 which Is arranged within the con- 
tt££S opposHe the noale discharge ortee 
S SSuri 2 1 6 may also b e tormed o. 

radeS 55 A^pportAelease piatform 224 is attached to 
S S«d Jriwall 204 of the bellows 200. The sup- 
^^im 224 contacts the canister ^ 
Kroughout the range of rr*tion "rxler^ by tfie 
Ln-rer « from a rest or ready po»bon to a *s- 
-h-.oe position. The bellows 200. via tne sup- 
SeleasTplatform 224. exerts a spring force on toe 
Sster neck 158. The force o, 
. riirection tending to move the canister neck 158 away 
SSSS?«- AddKionany. as is well^owAtoe 
«nfeter 18 contains an internal spring (not shown) 
32 aci bSTen toe canister body and •» Mta 
Set «em 19 in a direction tending to move toe cams- 
SXJwTy rom the actuator 26. The spring constant of 
toe bilows 200 is selected such that the sum of toe 
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spring force exerted by the bellows 200 and the force 
exerted by the Internal spring is slightly greater than the 
face exerted by the spring 126 (FIG. 7) which exerts a 
force on the end of the canister 18 in the direction to 
tend to move the canister 18 toward the actuator 26 into 
its discharge position. Thus, at rest with atmospheric 
pressure acting both inside and outside the bellows 
200, the bellows 200 and internal spring overcome the 
face of the spring 1 26 and thereby keep the canister 18 
in a ready position preventing discharge of medication 
therefrom. 

[0063] However, when a user inhales through the out- 
let (not shown) of the inhaler, air is drawn through the 
tube 2 1 8. as previously desaibed in connection with the 
inhaler 10c, which creates a low pressure within the 
throat 214 of venturi 216 . This low pressure is commu- 
nicated via the extension tube 213 and needle 210 to 
the interior of the bellows 200. As a result, the pressure 
within the bellows 200 is less than the atmospheric 
pressure which surrounds the outside of the bellows 
200, and therefore there is an air pressure force exerted 
on the blind end wall 204 in the direction toward the 
housing wall 202. The sum of this air pressure force and 
the force of the spring 126 exceeds the spring forces 
exerted by the bellows 200 and the canister internal 
spring, causing the blind end wall 204 of bellows 200 to 
be compressed toward the housing wall 202. By virtue 
of the force exerted on the canister 1 8 by the spring 126. 
the canister follows the end wall 204. With continued 
evacuation of air from the bellows 200. the canister 1 8 is 
moved into its discharge position. Once the user com- 
pletes his inhalation and air flow through the venturi 216 
ceases, air pressure is again equalized inside and out- 
side the bellows 200, and the bellows 200 returns to Hs 
starting position, the forces of the bellows 200 and inter- 
nal spring forcing the canister 18 back upward against 
the force of the spring 1 26 into the ready position. Thus, 
with the breath-actuation system depicted in FIQ. 9. 
there is no need for a separate cocking system. 
[0064] The bellows 200 preferably has a spring con- 
stant of about 1 pound per inch to about 12 pounds per 
inch, and a aoss-sectiona) area of about 0.2 to about 
0.75 square inch. Thus, a pressure differential of about 
one pound per square inch across the bellows 200 is 
sufficient to compress the bellows 200 by an amount of 
about 0.010 inch to about 0.080 inch. With a standard 
canister 18. only about 0.010 inch of relative movement 
is required between the discharge stem 1 9 and the can- 
ister body in order to cause discharge. Accordingly, the 
venturi 216 must be sized to create a gage pressure 
within the throat 214 of about one pound per square 
inch. 

[0065] While the present invention has been illustrated 
by a description of various embodiments and while 
these embodiments have been described in considera- 
ble detail, additional advantages and modifications will 
readily appear to those skilled in the art. For example, 
white the inhalers which are illustrated and described 



have the venturi inlet in communication with ambient air 
via a passage through the conduit wall, the venturi inlet 
may alternatively draw air through one of the auxiliary 
air inlets 46 in the end wail 24, or through any arrange- 
5 merit having the venturi inlet outside the primary air 
passage defined by the inhaler conduit. Additionally, the 
stainless steel bellows 200 of FIQ. 8 may advanta- 
geously be used in the inhaler configuration depicted in 
FIG. 7, with the bellows 200 replacing the piston assem- 
io bly 132 and the blind end wall 204 of the bellows 200 
being attached to the forked trigger 154, and the spring 
152 being eliminated by virtue of the resiliency of the 
bellows 200. The invention in its broader aspects is 
therefore not limited to the specific details, represente- 
es tive apparatus and methods, and illustrative examples 
shown and desaibed. 

Claims 

20 1 . In an inhaler having an aerosol canister containing 
medication, a housing supporting the canister and 
defining a conduit having an open end adapted to 
be inserted into the mouth of a user, and an aerosol 
nozzle connected to the canister and having an exit 

25 aifice disposed within the conduit a method for 
delivering a dose of the medication through the 
open end of the conduit as a dispersed aerosol, 
comprising the steps of: 



so 
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discharging a dose of the medication from the 
exit orifice of the nozzle to direct a plume of 
aerosolized medication into the conduit; and 

at least during the discharging step, directing 
ambient air from outside the conduit through a 
tube supported within the conduit so as to ae- 
ate an air jet directed generally against the 
direction of the plume so as to impinge on the 
plume, the air jet being formed by an inspira- 
tory effort exerted on the open end of the con- 
duit by a user. 



2. The method of claim 1. wherein the discharging 
step comprises discharging the plume in a direction 
45 generally toward the open end of the conduit and 
the directing step comprises directing the air jet 
along a direction generally away from the open end 
of the conduit. 

so 3. The method of claim 1, wherein the discharging 
step comprises discharging the plume in a direction 
generally away from the open end of the conduit, 
and the directing step comprises directing the air jet 
along a direction generally toward the open end of 

55 the conduit 

4. The method of claim 1. wherein the discharging 
step comprises discharging the dose of medication 
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into a conduit which has a substantially closed end 
opposite the open end. such that upon anmspira- 
Sveflort being exerted on the open end of the 
"S£IS^ all d the air lie* through the 
conduit is drawn from the tube. 

5 The method of dalm 1. where* the 

step comprises discharging the dose of mediation 
23* which has a substantid.y closed erri 
opposite the open end and inner^ls extendng 
bSLeen the substantially dosed end and the open 
end. and further comprising the step of : 

providing auxiliary air flow into the corfurt via 
Story* Wets formed in the substantia^ 
closed end of the conduit, the auxrtiary a* flow 
tending to reduce adhesion of n^cabwon 
the substantially closed end end on the inner 
walls of the conduit 

6. The method of dalm 1, further comprising the step 
of: 

providing auxiliary air flow along jnnerwaHsof 
*e conduit to reduce adhesion of med.cabon 
on the inner walls, the auxiliary air flow b«ng 
created by an inspiratory effort exerted by a 
user on the open end of the conduit 

7 The method of claim 6. wherein the providing step 
cWnses providing auxiliary air flow along the 
STwans d the conduit in a direction generally 
toward the open end of the conduit 

8. The method ofdaim 7. further comprising: 

Imparting turbulence and vortjeity to the auxil- 
iary air flow. 

o The method ofdaim 8. wherein the imparting step 
generators located on the inner walls of the conduit 

10. The method of claim 9. wherein the proving idep 
comprises drawing air through a plurality of aux* 

passages which extend into the interior of 
SSL adjacent the inner walls of the conduit 
upstream of the vortex generators. 

11. The method of daim 1 wherein the direct idep 
comprises directing the air jet substanoally oppo- 
site to the direction of the plume. 

12. The method of daim 1 wherdn the directing idep 
corpses directing the air jet at an obtuse angle 
against the plume. 
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osol canider containing medication, a houdnssup- 
porting the canider and defining a conduH havmg 
an open end adapted to be inserted ^°Tf o 
of a user, and an aerosol nozzle eonneded to the 
cancer and having an exit orifice disposed within 
the conduit, a method for deRvadng ej teed** 
medication through the open end of the conduit as 
a dispersed eerosd. compriting the steps of: 

discharging a dose of the medication from tire 
exit orifice to form a plume of aerosolized med- 
ication directed generally toward the open end 
of the conduit; and 

at lead during the discharging step, Ceding 
an air id substantidly againd the direction i of 
the dume so as to impinge on the plume, me 

air id being created by an inspiratory effort 
exerted on the open end of the conduit by a 
user. 

14. The method of ddm 13. wherein the d i'edi* step 
comprises directing air through a tube having an 
outlet within the conduit and an Inld influx* commu- 
tation with ambient air outside 

whereby an inspiratory effort exerted on the open 
STofttre conduit causes dr to flow into the inlet 
and out the outlet d the tube. 

15. in an aerosd flow contrd apparatus having a hous- 
Sg aSlg a conduit with a longttudind yj*end- 
ing inner watt and an open endadapted tobe 
inserted into the mouth of a user anc la ^"^J 
closed end remote from the open end. and a medi- 
cation dispenser supported in the housing and 
arranged to dispense a dose 
cation into the conduit a method for Rivaling a 
doee of the medication through the open end d *e 
conduit as a dispersed aerosd. comprising the 
steps d: 

discharging a dose of the medication from the 
medication dispenser to form a plume of aero- 
solized medication within the conduit; and 

at lead during the discharging dep. providing 
an auxiliary dr flow along the inner wdl d tire 
conduit by an inspiratory effort exerted on the 
open end d the conduit the auxiliary air flow 
being drawn through a plurality d dr idds 
formed through the substantially dosed en* d 
theconduhandtherwoverapluralityofvortw 

generators mounted on the inner wdl. whereby 
a turbdent boundary layerflow is created along 
the inner wdl d the conduit to reduce impac- 
tion and adhesion d medication thereon. 
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u „ a «n« 16. An aerosol flow control apparatus, comprising: 
13. In an aerosol flow control apparatus hav,ng an aer- ™ 
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a housing including a conduit with an open end 
adapted to be Inserted into the mouth of a user, 
a substantially closed end remote from the 
open end. and an inner wall extending longitu- 
dinally between the open and closed ends; 5 

a medication dispenser supported in the hous- 
ing and adapted to dispense a dose of aero- 
solized medication Into the conduit: 



10 

a plurality of air inlets formed through the sub- 
stantially dosed end of the conduit adjacent the 
inner wall; and 

a plurality of vortex generators mounted on the is 

inner wall downstream of the air inlets; 
whereby an inspiratory effort exerted on the 
open end of the conduit causes air to be drawn 
through the air inlets and over the vortex gener- 
ators, thereby establishing a turbulent bound- 20 
ary layer flow along the inner wall of the conduit 

to reduce impaction and sticking of medication 

thereon. 

17 The aerosol flew control apparatus of claim 16. & 
' wherein the medication dispenser includes a pres- 
surized canister containing medication, and the 
housing includes an actuator and nozzle assembly 
adapted to receive a hollow discharge stem of the 
canister, the actuator and nozzle assembly having so 
a nozzle discharge orifice disposed to discharge 
aerosolized medication into the conduit. 

18. The aerosol flew control apparatus of claim 17. fur- ^ 
ther comprising: 

an air tube supported within the conduit and 
having an outlet arranged opposite the nozzle 
discharge orifice and an inlet in fluid communi- 
cation with ambient air outside the conduit so 40 
that an inspiratory effort exerted on the open 
end of the conduit causes air to flow into the air 
tube inlet and out of the air tube outlet, the air 

tube being oriented so that air flowing out of the 
air tube outlet is directed so as to impinge on a «s 
plume of aerosolized medication discharged 
from the canister through the nozzle discharge 
orifice. 

19. An inhaler apparatus adapted to be used with a so 
pressured canister containing medication, the 
apparatus comprising: 

a housing adapted to support the pressurized 
canister and including a generally tubular con- « 
duit having an open ends the housing further 
including an actuator and nozzle assembly 
having a bore adapted to receive a hollow out- 
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let stem of the canister and a nozzle discharge 
orifice in fluid communication with the bore, the 
nozzle discharge orHice being positioned to 
direct a plume of aerosolized medication into 
the conduit; and 

an air tube supported within the conduit and 
having an outlet arranged opposite the nozzle 
discharge orifice and an Inlet In flukJcommuni- 
cation with ambient air outside the conduit the 
air tube being oriented so that air flowing out of 
the air tube outlet is directed so as to impinge 
on a plume of aerosolized medication dis- 
charged from the canister through the nozzle 
discharge orHice; 

whereby an inspiratory effort exerted on the 
open end of the conduit causes air to flow into 
the air tube inlet and out the air tube outlet to 
impinge on the plume and thereby enhance 
dispersion and mixing of the medication within 
the conduit. 

2a The inhaler apparatus of daim 19. wherein the 
actuator and nozzle assembly is arranged within 
the conduit so as to direct a plume of medication 
generally toward the open end of the conduit and 
the air tube is positioned so as to direct air flowing 
therefrom generally away from the open end of the 
conduit 

21. The inhaler apparatus of daim 20. wherein the air 
tube is supported within the conduit by at least one 
member connected to a wan of the conduit, the 
member having an internal air passage connecting 
ambient air outside the conduit to the air tube Inlet. 

22. The inhaler apparatus of daim 21. wherein the corv 
duit is generally cylindrical and indudes an end wall 
def ining a substantially dosed end of the conduit 
remote from the open end. the actuator and nozzle 
assembly being supported on the end wall with the 
nozzle discharge orHice located approximately cen- 
trally on the end wall, the air tube having a longitu- 
dinal axis which makes an angle of from about 90 
degrees to about 180 degrees with the longitudinal 
axis of the conduit 

23. The inhaler apparatus of daim 22, further compris- 
ing a plurality of auxiliary air inlets extending 
through the end wall and opening into the conduit 
adjacent a generally cylindrical inner wail thereof, 
and a plurality of vortex generators mounted on the 
inner wall downstream of the auxiliary air inlets, the 
auxiliary air inlets and vortex generators cooperat- 
ing to establish a turbulent boundary layer air flow 
along the inner wall upon an inspiratory effort being 
exerted on the open end of the conduit 
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24. The inhaler apparatus of claim 19. whereov fte 
actuator and nozzle assembly Is arranged within 
the conduit so as to direct a plume of medication 
generally away from the open end of the wnduit 
end the air tube is positioned so as to direct air flow- s 
ing therefrom generally toward the open end of the 
conduit 



3a The aerosol flow control apparatus of dalm 29. 
wherein the end wan Is generally conical or hemi- 
spherical in shape with an apex of the end wall 
forming the portion of the end wall farthest from the 
open end of the conduit, the nozzle discharge ori- 
fice being located at the apex, the auxiliary air inlets 
being located adjacent the iuncture between the 
end wall and the inner wall of the conduit. 



25. The inhaler apparatus of claim 24, >^^ 9 
duh includes an end wall defining a substantially 
closed end of the conduit remote from the open 
end and the air tube is supported on the end wall, 
the inlet of the air tube being in fluid communication 
with a passage which extends through the end wall 
to ambient air outside the conduit 

26. An aerosol flow control apparatus comprising: 

a housing including a generally tubular conduit 
having an inner wall and an open end; 

a medication dispenser assembly disposed 
within the housing and adapted to dispense a 
dose of aerosolized medication into the con- 
dufcand 

a plurality of vortex generators mounted on the 
inner wall of the conduit, the vortex generators 
establishing a turbulent air flow along the inner 
wall of the conduit upon an air flow being estab- 
lished through the open end of the conduit 

27 The aerosol flow control apparatus of claim 26. 
' herein the conduit includes a substantially closed 

end defined by an end wall remote from the open 
end the end wall including a plurality of auxiliary air 
inlets in fluid communication with ambient air out- 
side the conduit and opening into the conduit adja- 
cent the inner wall thereof upstream of the vortex 
generators, the auxiliary air inlet and vortex gener- 
ators cooperating to form a turbulent boundary 
layer flow along the inner wall ol the conduit 

28 The aerosol flow control apparatus of claim 27, 
" wherein the medication dispenser assembly com- 

prises a pressurized canister of medication,an 
actuator and nozzle assembly including a bore 
adapted to receive a hollow outlet stem of the can- 
ister, and a nozzle discharge orifice in fluid commu- 
nication with the bore and ananged to direct a 
plume of aerosolized medication into the conduit 

29 The aerosol flow control apparatus of claim 28. 
' wherein the vortex generators comprise vanes 
mounted on the inner wall of the conduit. th€ i vanes 
being oriented at an angle to the direction delmed 
by a longitudinal axis of the conduit 



io 31. The aerosol flow control apparatus of cteim jO. 
wherein the actuator and nozzle assembly includes 
a second nozzle discharge orifice in fluid communi- 
cation with the bore, the two nozzle discharge ori- 
fices being spaced apart and oriented at an angle 
15 to one another such that the plumes discharged 
from the orifices impinge on one another within the 
conduit so as to promote dispersion and mixing ol 
the aerosolized medication. 

20 3* An aerosol flow control apparatus providing auto- 
matic discharge of medication responsive to an 
inspiratory effort of a user, the apparatus compris- 
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a pressurized canister ol medication including 
a canister body and a hollow discharge stem 
which is movable with respect to the canister 
body between an inoperative position in which 
discharge of medication is prevented and an 
operative position in which medication is dis- 
charged through the discharge stem; 
a housing adapted to support the canister and 
permit movement thereof between a first posi- 
tion in which the discharge stem is In the inop- 
erative position to a second position In which 
the discharge stem is in the operative position, 
the housing further defining a primary air pas- 
sage including an outlet through which a user 
can inhale; 

a variable-volume device supported within the 
housing and including a wall which is movable 
with respect to the housing, the variable-vol- 
ume device defining a variable-volume cham- 
ber therein; 

a canister restraint affixed to the movable wall 
of the variable-volume device, the canister 
restraint being movable with the movable wall 
from a rest position in which the canister is in 
the first position and relative movement 
between the canister body and discharge stem 
is prevented, to a discharge position In which 
the canister is free to move into the second 
position; 

a resilient member which urges the canister 
into the second position upon movement ol the 
canister restraint into its discharge position; 

me variable-volume chamber being in fluid 
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communication with the primary air passage, 
whereby inhalation of a user through the outlet 
causes air to be evacuated from the chamber . 
and thereby cause the movable wail to move 
the canister restraint into the discharge posi- s 
to'on. 

33. The aerosol flow control apparatus of daim 32. fur- 
ther comprising a secondary air passage in the 
housing which extends between the primary air to 
passage and ambient air outside the primary air 
passage, the secondary air passage including a 
venturi having a throat the variable-volume cham- 
ber being in fluid communication with the throat 
whereby an inspiratory effort exerted on the outlet is 
causes air to be drawn through the venturi throat 
thereby creating a low pressure in the throat which 
is communicated to the variable-volume chamber, 
the low pressure causing air to be evacuated from 
the chamber such that the canister restraint is 20 
moved into the discharge position. 

34. The aerosol flow control apparatus of daim 33. 
wherein the venturi throat is connected to the 
chamber by a third air passage within the housing. 25 
and further comprising an adjustment device which 
may be selectively positioned to selectively vary the 
flow rate through the third air passage at a given 
flow rate through the primary air passage, thereby 
varying the timing of medication discharge in rela- so 
tion to the inhalation cycle of a user. 

35. The aerosol flow control apparatus of claim 32. 
wherein the variable-volume device comprises a 
piston which is sealingly connected to a wall of the ss 
housing by a flexible diaphragm, and the canister 
restraint includes a member which is attached to 
the piston and which in the rest position intrudes 
into the path traveled by the canister between the 
first and second positions so as to prevent the can- 40 
Ister from moving into the second position, evacua- 
tion of air from within the chamber of the variable- 
volume device causing the piston to move toward 
the housing wall and thereby withdraw the member 
into the discharge position permitting the canister to 45 
move into the second position. 

36. The aerosol flow control apparatus of claim 32. 
wherein the housing comprises a main body portion 
which receives the canister, and an end cap which 50 
covers the end of the canister opposite from the 
end with the discharge stem and which engages 
the main body portion to prevent inadvertent 
removal therefrom, the resilient member compris- 
ing a compression spring between an inner surface 55 
of the end cap and the canister such that the spring 
bears against the canister when the end cap is 
engaged with the main body portion. 
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37. The aerosol flow control apparatus of claim 35. 
wherein the main body portion includes a generally 
cylindrical receptacle having a longitudinal axis and 
defining a generally cylindrical recess in which the 
canister resides, and further comprising a cocking 
device including: 

an inner sleeve which surrounds the canister 
within the receptacle, the inner sleeve and can- 
ister being slidabte together as a unit within the 
receptacle along the longitudinal axis, the inner 
sleeve further Including at least one pin extend- 
ing outwardly from an outer surface thereof 
through a slot in the receptacle; and 

a cocking ring which surrounds the receptacle 
and has a surface which engages the at (east 
one pin, the cocking ring being movable with 
respect to the receptacle so as to move the pin 
in the direction defined by the longitudinal axis 
toward the end cap so as to draw the Inner 
6leeve and canister upward and thereby move 
the canister into a cocked position which per- 
mits the canister restraint to move into its rest 
position, thereby readying the apparatus for 
actuation in response to the inspiratory effort of 
a user. 

The aerosol flow control apparatus of claim 32, 
wherein the variable-volume device comprises a 
resiliency compressible bellows, the bellows being 
disposed between a neck of the canister and a wall 
of the housing which faces the canister neck, the 
movable wall being an end wall of the bellows, the 
canister restraint being affixed to the end wall and 
contacting the canister neck, the bellows being 
compressible toward the housing wall in a direction 
substantially parallel to the direction in which the 
canister moves from the first position to the second 
position, the bellows being adapted to exert a 
spring force on the canister tending to urge the can- 
ister toward the first position, the spring force 
exceeding the force exerted on the canister by the 
resilient member by a predetermined amount which 
is selected such that when a user inhales through 
the outlet of the housing, the pressure force exerted 
on the end wall of the bellows by the difference 
between atmospheric pressure outside the bellows 
and the low pressure inside the bellows exceeds 
the predetermined amount, thereby causing the 
end wall to compress the bellows toward the hous- 
ing wall and move the canister restraint into the dis- 
charge position such that the canister is moved into 
the second position by the resilient member. 

1. tn an aerosol delivery apparatus which houses a 
medication-containing canister having a canister 
body and a hollow outlet stem movable whh respect 
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to the canister body between an inoperative posi- air is flowing therethrough, 

tion in which discharge of medication is prevented 
and an operative position in which medication is 
discharged through the outlet stem, with the canis- 
ter being movable wfthin the apparatus between a 5 
first position in which the outlet stem is in the inop- 
erative position and a second position in which the 
outlet stem is in the operative position, the appara- 
tus including a housing defining a primary air pas- 
sage having an outlet through which a user can io 

inhale, a method of synchronizing discharge of 
medication from the canister with an inspiratory 
effort of a user through the outlet the method com- 
prising: 

15 

placing the canister in the first position; 

preventing movement of the canister Into the 
second position by a canister restraint which 
engages the canister to prevent said move- so 
ment and which is movable in response to 
below-atmospheric air pressure within a varia- 
ble-volume device arranged within the housing, 
the variable-volume device defining an air 
chamber therein, the canister restraint being 25 
movable to permit the canister to move into the 
second position upon a predetermined 
decrease in volume of the air chamber; 

urging the canister toward the 6econd position; so 

upon a user inhaling through the outlet draw- 
ing air through a secondary air passage 
arranged within the housing, the secondary air 
passage extending from the primary air pas- 95 
sage to ambient air outside the primary air pas- 
sage; and 

at least during the drawing step, providing fluid 
cornmunication between the secondary air *o 
passage and the air chamber so as to commu- 
nicate a below-atmosph8ric air pressure to the 
air chamber and thereby cause the chamber 
volume to decrease, whereby the canister 
restraint moves to permit said movement of the 45 
canister into the second position to discharge 
medication when the predetermined decrease 

in chamber volume is reached. 

40. The method of claim 39. wherein the providing step so 
comprises providing fluid communication between 
a throat portion of the secondary air passage and 
the variable-volume chamber to evacuate air there- 
from, the throat portion having a reduced cross- 
sectional flow area relative to me renw^^ 55 
secondary air passage such that the air pressure in 

the throat portion is lower than the air pressure in 
the remainder of the secondary air passage when 
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